Studies on (Na+ plus K+)-activated ATPase. XXXVII. Stabilization by cations of the enzyme-ouabain complex formed with Mg1+ and inorganic phosphate.
Dissociation of the (Na+ + K+)-ATPase ouabain complex, formed in the presence of Mg2+ and inorganic phosphate (Complex II), is inhibited by Mg2+ (21-45%) and the alkali cations Na+ (25-59%) and K+ (27-75%) when kidney cortex tissue (bovine, rabbit, guinea pig) is the enzyme source. Choline chloride at 200 mM, equivalent to the highest concentration of NaCl tested, does not inhibit. Dissociation of Complex II from brain cortex (bovine, rat, rabbit) or heart muscle (rabbit) is much less inhibited: 0-11% by Na+ and 11-19% by K+. The degree of inhibition is not directly related to the size of the dissociation rate constant (k-) of the various complexes, but rather to the extent of interaction between the cation and ouabain binding sites for these tissues. Inhibition curves for Na+ and K+ are sigmoidal. Half-maximal inhibition for rabbit brain and kidney cortex is at 30-40 mM Na+ and 6-10 mM K+, and the maximally inhibitory concentrations are 50-150 and 15-20 mM, respectively. Maximal inhibition by Na+ or K+ for these tissues is the same. For guinea pig kidney cortex Na+ and K+ are almost equally effective, but 150 mM K+ or 200 mM Na+ are still not saturating, and inhibition curves indicate high- and low-affinity binding sites for the alkali cations. The inhibition curve for Mg2+ is not sigmoidal. In the kidney preparations Mg2+ inhibits half-maximally at 0.4-0.5 mM, maximally at 1-3 mM. Maximal inhibition by Mg2+ is higher than by Na+ or K+ for rabbit kidney cortex and lower for guinea pig kidney cortex. There is no competition or additivity among the cations, indicating the existence of different binding sites for Mg2+ and the alkali cations. Complex II differs in stability in the extent of inhibition, in the dependence of inhibition on the cation concentration and in the absence of antagonism between Na+ and K+, from the ouabain complex formed via phosphorylation by ATP (Complex I). This indicates that the phosphorylation states for the complexes are clearly different.